Synthesis and biological properties of a number of amides of polyene macrolide antibiotic aureofacin obtained in the reaction of the antibiotic with various glycine esters are described.
Polyene macrolides are known to be potent antifungal agents of clinical significance. Among them, amphotericin B remains one of the most important antibiotics currently available for the treatment of a wide variety of deep-seated mycotic infections in humans1}. The clinical use of these compounds is hampered by a number of undesirable side effects, the most serious being the impairment of renal function. These side effects are consequences of poor selective toxicity of polyene macrolides. Only minimal differences exist in the antibiotics' affinities towards the animal and fungal cellular targets, membranecholesterol and ergosterol, respectively^.
Manyattempts have been made to prepare derivatives of polyene macrolides with improved physico-chemical and biological properties3~10). The derivatives were obtained mainly by the modifications carried out at the amino and carboxyl groups in the molecules of all types of this class of antibiotics. It has been established that improvement of selective toxicity of polyenes may be attained by substitution at the carboxyl group resulting in the absence of carboxylate anionn).
Continuing our studies on further improvement of biological properties of polyene macrolides via modification at the carboxyl group we focused our interest on the aromatic heptaene macrolides subgroup, represented by aureofacin, since it comprises polyenes with the highest antifungal activity and also the highest specificity of membraneeffects related to channel formation. This specificity enables excellent recovery of animal cells from injury, expressed by the decay of channels in the repair process12).
Aureofacin is a mixture of the closely related compounds, vacidin A and gedamycin10. Their In a typical synthesis, triethylamine (1.40 ml) and DPPA(1.73 ml) were added to a cooled solution of aureofacin (2.224 g) and glycine ter/-butyl ester dibenzenesulfimide salt (3.428 g, 4-fold molar excess) in N,7V-dimethylformamide (45 ml) and the reaction was allowed to proceed for 10 hours at ice bath temperature. Crude product was precipitated with a mixture of ethyl ether and acetone (3 : 1, 500 ml). The precipitate was separated by centrifugation, washed 3 times with ethyl ether and dried in vacuo.
Final purification of the product using the counter-currentdistribution (250 transfers) yielded two separated aureofacin components derivatives, vacidin A and gedamycin ter/-butoxycarbonylmethylamides (6; 319 mg and 7; 185 mg, respectively).
XHNMR, (tetramethylsilane) Chromatographic properties of all products are given in Table 1 .
The electron absorption spectra of the products tested were identical to those of the parent antibiotic, aureofacin. The IR spectra of the derivatives obtained showed bands at 1650-1645 cm"1, corresponding to the secondary amides. Examination of the derivatives using the field desorption and positive ion FAB mass spectrometry ((M-f-Na-H2O)+ and MH+ions, respectively) confirmed the expected molecular masses.
Biological Activity The synthesis and biological properties of some amides of polyene macrolides have been previously VacGlyO/Bu (6) GedGlyO/Bu (7) VacGlyOBzl (8) GedGlyOBzl (9) Vac; Vacidin A, Ged; gedamycin, /Pr; isopropyl, tBu; tert-butyl, Bzl; benzyl, described8>15). However, no systematic studies with aromatic heptaenes were done. Only one compound of this group, namely aureofacin //-butyl amide, was described15).
In this paper a series of amides of aureofacin components, vacidin A and gedamycin, were synthesized and their biological activities determined and the influence of steric effects at carboxyl group on selective toxicity was examined.
Biological activities of vacidin A and gedamycin derivatives examined towards ergosterol and cholesterol containing cells are presented in Table 2 . With the ergosterol containing organisms, Saccharomyces cerevisiae and Candida albicans, activity was measured as IC50. Activity towards human erythrocytes, the model for cholesterol containing cells was determined as EH50and EK50.
Generally, all compounds examined regardless of the size of the carboxyl substituent retained antifungal activity of the parent antibiotic. The differences in sensitivity of both fungi are negligible. It should be noted that gedamycinderivatives are somewhatmore active whencomparedto vacidin A derivatives for S. cerevisiae. This effect is not observed with C. albicans.
Similarly, the biological activities of all derivatives towards human erythrocytes measured as EK50 were retained when compared to that of aureofacin. However, when the antifungal activity of the derivatives and their ability to induce potassium efflux from erythrocytes are compared there is a definite improvement in differential susceptibility.
Derivatives exhibited a several-fold increase in the ratio of EK50to IC50 as compared to that of aureofacin. These results corroborate the previous findings indicating that the lack of free carboxyl group in aromatic and non-aromatic heptaenes improves selective toxicity11 '16) . The hemolytic activities (EH50) of the derivatives towards erythrocytes, in general, compared to that of aureofacin were reduced one order or more. Taking this effect into accountthe improvementof selective toxicity towards ergosterol and cholesterol containing cells is substantial. Hemolysis is one of the serious side effects encountered with animal cells and consequently must be considered in efforts to improve the selective toxicity of the polyenes.
Comparison of EH50data for various amides indicates that hemolytic activity varies with substituent size, the lowest activity exhibited by the methoxycarbonyl-and ethoxycarbonylmethylamides. It can be concluded that the mentioned derivatives are optimal amongthe amides studied from the point of view of their biological properties. They exhibit the highest antifungal activity with simultaneous lowest ability to hemolyze erythrocytes.
It should be noted that the hemolysis data do not parallel the permeabilizing activities of these compounds. It could be assumed that although the nature of the substituent at the carboxyl group does not influence significantly channel forming ability, it does have a marked effect on the characteristics of the permeability pathway induced.
Onthe basis of data presented the suggestion can be made that the lack of essential influence of the size of the substituent at the carboxyl group on the ability of the active compound interaction with the membranesindicates that the carboxyl substituent is located outside that region of the molecule involved in polyene-sterol complex formation.
